Abstract: A novel geometry-based channel model (GCM) for lineof-sight (LoS) microcell scenario in dense urban areas is proposed. The proposed two dimensional scattering power distribution (SPD) is postulated on the physical phenomenon is obtained. The implementation issues are discussed and the delay-power spectrum (DPS) and azimuthpower spectrum (APS) derived from the proposed model are compared to those for conventional elliptical models as well as to the experimental results. The superior prediction of the proposed model in contrast to the conventional models is demonstrated. Keywords: propagation channel, channel model, microcell, urban Classification: Microwave and millimeter wave devices, circuits, and systems
Introduction
Directional channel models with the capability to predict attributes of the received signal in the delay and angular domains are essential for performance evaluation of the present and future generations of mobile and wireless systems. A very popular directional channel model called geometry-based channel model (GCM) is based on a geometrical description of the scattering power distribution (SPD). Attractive advantages of GCM are its simplicity for simulation and its immediately visible relation to the physical phenomena in the channel. In most GCMs single-bounce scattering is assumed to facilitate the former advantage. For small cell scenarios, an ellipse in the two dimensional space whose foci conform to the communication link ends is the familiar geometry [1] . The choice of such a geometry is postulated on the fact that propagation paths of equal length endure same propagation loss. Consequently the model is appropriate only for special scenarios in which the scatterers of equal power (loss) are uniformly distributed overall the channel. However for a microcell scenario with base-station antenna heights lower than the surrounding buildings, the propagation paths are experiencing multiple-scattering chiefly through interactions with street walls. Therefore the equivalent single-bounce scattering SPD is expected to decrease for the outer ellipses as longer paths may experience more number of scatterings. The nonuniform distribution of scatterers over the growing ellipses can reflect the steep slop in the measured delay-power spectrum (DPS) [2] . This approach known as sublayer ellipses however is incapable to amend the azimuth-power spectrum (APS) prediction.
In this paper we present a modification to the conventional GCM for microcell line-of-sight (LoS) scenario by introducing an SPD adapted to the major propagation mechanisms in these scenarios. As it will be illustrated in next sections, the proposed model is capable to provide a precise prediction of the spatial attributes of the channel.
Channel model
In a microcell scenario, propagation paths are chiefly interacting to the building walls lining up both sides of the street. In addition, those propagation paths traveling along the street may also be scattered due to existing objects, vegetations, etc. The density of scattering in the street however is expected to be low. The inhomogeneity of the equivalent single-bounce SPD in the building zone and within the street can not be reflected by the conventional ellipse model as illustrated in Fig. 1 (a) . In this figure the single-bounce SPD for a microcell scenario in the urban areas in a street of 26 m width obtained from measurement data conformed to a rough layout of the environment is displayed [3] . For comparison, two conventional ellipses are added where the inhomogeneous distribution of scattering power inside them is visible. Instead an ellipse which is longer along the street fits better to the measured SPD as is shown in Fig. 1 (b) . Therefore we propose a two dimensional singlebounce SPD which is in the format of an ellipse aligned to the street but with Added ellipses with longer semimajor axis along the street compared to the conventional ellipses.
a focal length longer than the transmitter (Tx) to the receiver (Rx) distance. Furthermore to stress the different scattering density in the street and building zone, we assume smaller loss coefficients along the street compared to the building zone [4] . Moreover the LoS component is modeled as a circular disc around the Tx, and not a single strongest path, due to the finite delay and angular resolution of the Rx system and antennas. The SPD in LoS zone is assumed to decrease exponentially from a maximum value along the radial lines to approximate the directive antenna beam pattern and we assume that similar trend exists for the delay domain as well. Thus the radius of the LoS zone depends on the system resolutions. With the coordinates of the model defined in Fig. 2 , the SPD in the LoS zone P L , SPD for the street zone P S and the SPD for the building zone P B are provided as:
in which α L is the loss coefficient contributed to the LoS component and r L is the radius of the LoS zone, x T and y T are the Tx coordinates, f N is the new focus parameter (semimajor axis), α x and α y are loss coefficients along x and y axes respectively and C S and C B are constants. The SPDs give the power degradation due to scattering only, path loss will be multiplied in the channel simulations and parameter computations.
To get the appropriate values for the parameters we consider two points, one on the x axis, n(x n , 0), where x n > f N , and a point on the y axis, m(0, y m ). The path loss for each point is the multiplication of the corresponding freespace path loss and the scattering loss derived from formula (1):
The proposed model establishes an ellipse with focus parameter f N as the locus of the single-bounce equivalent points with equal path losses. That is
It is also observed that √ α y , the loss coefficient in the direction of y axis, is inversely proportional to the street width [4] . Specifically, if the building wall reflection is β, we have √ α y = β/y w where 2y w is the street width. Thus, having reflection coefficient β, the street width 2y w , the Tx to Rx distance 2f 0 , and the coefficient α x ( α y ) the focus parameter f N can be derived as a function of y m . It is observed that even the closed form formula for f N seems formidable, the value can always be obtained numerically, having other parameters. As an example, for β = 5 dB we get the value α y = 8×10 −3 m −2 , and by assuming α x = 8×10 −5 m −2 , and also 2f 0 = 60 m, 2y w = 26 m imposed from the scenario, we get f N = 90 m for y m = 60 m. It is noted that even though f N is a function of y m , the average can be used for a simulation run. In section 4 we will show that the parameters obtained in the example of the current paragraph can give predictions which match to the measured results. Also it can be examined that by increasing the width of the street and/or by increasing the Tx to Rx separation, the values α x , α y and f N increase.
Implementation
In the simulation, scatterers are assumed uniformly distributed in the whole relevant area, the scattering loss of which is according to the presumed SPD (1). This is interpreted as scatterers with different scattering cross sections which matches to the physical phenomena in the channel [5] . Once the position of scatterers and the losses are known, the angle-resolved impulse response can be computed by a simple ray-tracing, i.e. the incident rays from all scatterers are superimposed. This is easily applicable with the implicit single-bounce assumption. In the present implementation, scatterers are assumed uniformly distributed all over the channel with an SPD according to Eq. (1). Then grids of size (Δx, Δy) and coordinates (x g , y g ) are defined in the two dimensional space where each grid represents an interacting scatterer. In Fig. 2 coordinates of the proposed model are demonstrated in which the origin of axes is always in the middle of the street with equal distances to the Tx and Rx. To obtain the received power in the direction φ j , the contributions of all scatterers located in the sector limited to the radial lines φ j − Δφ 2 and φ j + Δφ 2 are superimposed where Δφ is the angular resolution. Let this sector named P j , then it is a set of grids q g (x g , y g ) according to following definition:
which is illustrated by grids in Fig. 2 . Similarly, the value of received power at the delay τ i is the superposition of the contributions of the scatterers in 
in which c is the speed of electromagnetic wave and l g is the scattered path length by scatterer q g equal to:
where (x R , y R ) are coordinates of Rx. Then the angular or delay resolved power component can be derived as:
in which P g is the SPD value corresponding to the grid g defined in Eq. (1). The calculated P k is equal to the angular power P φ j if K = P j , P k is equal to the delay resolved power P τ i if K = D i and P k is the angle-delay resolved power corresponding to azimuth φ j and delay
Clearly by this method, having the SPD coefficients, the simulated DPS and APS can be easily calculated.
DPS and APS
To evaluate the proposed SPD, the acquired DPS and APS from several measurement campaigns in microcell LoS scenario of urban areas were compared to those of the proposed model as well as the conventional ellipse and sublayer model and the superior accuracy of the proposed model was confirmed. Fig. 4 the predicted APS as well as those from the measured data, conventional ellipse and the sublayer are illustrated. It is observed that the proposed model obviously matches better to the measured data than the conventional ellipse and sublayer models. The prominent point is that in contrary to the DPS case, the APS prediction of the sublayer model shows little improvement compared to the conventional ellipse model. This is because the geometry of the SPD in the sublayer remains the same as conventional ellipse. Thus even though the DPS of sublayer model is improved, the spatial attributes as APS which is more sensitive to the spatial distribution of the scatterers shows little amendment. The proposed model however gives a close match to the measured data since the chosen geometry is comparative to the measured SPDs in microcell LoS scenarios.
Conclusion
A propagation channel model according to the physical mechanisms in the street microcell for the dense urban areas was proposed. The expression for the SPD was provided and the necessary parameters for the distribution estimated from measurements. The DPS and APS predicted by the model were compared to those of conventional elliptical models and experimental results. It is illustrated that the predicted spatial attributes of the channel as APS exhibit an excellent match to the measured data. This is due to correspondence of the proposed geometry to the real SPD in a microcell LoS scenario.
